Drosophila Aurora-A Is Required for Centrosome Maturation and Actin-Dependent Asymmetric Protein Localization during Mitosis  by Berdnik, Daniela & Knoblich, Juergen A.
Current Biology, Vol. 12, 640–647, April 16, 2002, 2002 Elsevier Science Ltd. All rights reserved. PII S0960-9822(02)00766-2
Drosophila Aurora-A Is Required for Centrosome
Maturation and Actin-Dependent
Asymmetric Protein Localization during Mitosis
stood in sensory organ precursor (SOP) cells in the Dro-
sophila peripheral nervous system. SOP cells undergo
a series of asymmetric cell divisions to generate the four
different cell types that form an external sensory (ES)
organ [5, 6]. First, SOP cells divide asymmetrically into
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an anterior pIIb and a posterior pIIa cell. Later, the pIIa
cell gives rise to the hair and socket cells that form the
externally visible structures of the organ. The pIIb cellSummary
generates the internal neuron and sheath cell and a glia
cell that migrates away and does not become part ofBackground: During asymmetric cell division in the Dro-
the organ [7, 8]. Correct cell fate determination in thesophila nervous system, Numb segregates into one of
SOP lineage requires the protein Numb [9]. Numb is atwo daughter cells where it is required for the establish-
cortical protein that is uniformly distributed around thement of the correct cell fate. Numb is uniformly cortical
SOP cell cortex in interphase. Starting in prophase,in interphase, but in late prophase, the protein concen-
Numb concentrates at the anterior cell cortex, and, dur-trates in the cortical area overlying one of two centro-
ing telophase, it segregates preferentially into the pIIbsomes in an actin/myosin-dependent manner. What trig-
cell. In the absence of Numb, the pIIb cell is transformedgers the asymmetric localization of Numb at the onset
into an additional pIIa cell. Numb is also involved in theof mitosis is unclear.
asymmetric division of the pIIa and pIIb cells and in
strong numb mutants, morphologically abnormal ES or-Results: We show here that the mitotic kinase Aurora-
gans with four socket cells, but none of the other cellA is required for the asymmetric localization of Numb.
types are generated. Thus, Numb acts as a segregatingIn Drosophila sensory organ precursor (SOP) cells mu-
determinant in the Drosophila SOP lineage.tant for the aurora-A allele aurA37, Numb is uniformly
The asymmetric segregation of Numb involves twolocalized around the cell cortex during mitosis and seg-
distinct steps. During interphase, SOP cells respond toregates into both daughter cells, leading to cell fate
planar polarity and become polarized along the anterior-transformations in the SOP lineage. aurA37 mutant cells
posterior axis [10]. Polarization of SOP cells becomesalso fail to recruit Centrosomin (Cnn) and -Tubulin to
visible through the asymmetric localization of the pro-centrosomes during mitosis, leading to spindle morphol-
teins Discs-large, Pins, and Gi to the anterior cell cortexogy defects. However, Numb still localizes asymmetri-
and Bazooka and DaPKC to the posterior cell cortexcally in cnn mutants or after disruption of microtubules,
[11, 12]. The second step occurs at the onset of mitosis,indicating that there are two independent functions for
when Numb concentrates at the anterior cell cortex inAurora-A in centrosome maturation and asymmetric
an actin-dependent event and the mitotic spindle orientsprotein localization during mitosis. Using photobleach-
into an anterior-posterior direction [13, 14]. The earliering of a GFP-Aurora fusion protein, we show that two
localizing proteins are required for this second step,rapidly exchanging pools of Aurora-A are present in the
suggesting that they provide spatial information forcytoplasm and at the centrosome and might carry out
Numb localization. Temporal information seems to bethese two functions.
provided by the mitotic machinery, since entry into mito-
sis and activation of the Cdc2 kinase are strictly requiredConclusions: Our results suggest that activation of the
for the initiation of Numb localization [15]. How the mi-Aurora-A kinase at the onset of mitosis is required for
totic machinery initiates Numb localization is unclear.the actin-dependent asymmetric localization of Numb.
The results we present here demonstrate that the mi-Aurora-A is also involved in centrosome maturation and
totic kinase Aurora-A is essential for asymmetric local-spindle assembly, indicating that it regulates both actin-
ization of Numb in mitotic SOP cells. In contrast to Cdc2,and microtubule-dependent processes in mitotic cells.
which functions as a global regulator of mitosis and is
essential for all mitotic events, protein kinases of the
Introduction Aurora family are required only for particular subsets of
mitotic events [16]. In their absence, cells still enter
During asymmetric cell division, a particular develop- mitosis but have defects in spindle assembly, chromo-
mental fate is induced in only one of the two daughter some condensation, or cytokinesis. Two classes of Au-
cells [1]. Protein determinants that establish this particu- rora kinases can be distinguished from one another
lar fate concentrate in the cortical area overlying one of based on their function and subcellular localization [16].
the two spindle poles in late prophase and segregate Aurora-A kinases are found at centrosomes and on mi-
into one of the two daughter cells upon cytokinesis [2–4]. crotubules of the mitotic spindle and are essential for
The molecular machinery responsible for asymmetric setting up a functional mitotic spindle [17]. Drosophila
protein localization during mitosis is unknown. Aurora-A, the founding member of this kinase family, is
Asymmetric cell division is particularly well under- also required for centrosome separation, and its com-
plete absence leads to the formation of monopolar spin-
dles with a characteristic circular chromosome arrange-1Correspondence: knoblich@nt.imp.univie.ac.at
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ment [18]. Aurora-B kinases, in contrast, localize to To characterize the cellular defects that cause the
bristle phenotypes in aurA37 mutants, we analyzed thekinetochores and the central spindle and perform essen-
SOP lineage in these mutants (Figures 1C and 1D). Thetial functions during chromosome condensation and cy-
four cell types in Drosophila ES organs can be distin-tokinesis [19]. In a screen for mutations that affect asym-
guished by their characteristic size and marker genemetric localization of Numb, we have identified aurA37,
expression: of the two larger outer cells, only the socketa mutant in aurora-A in which bipolar mitotic spindles
cell expresses the transcription factor Suppressor ofare formed and chromosomes segregate, but Numb fails
Hairless (Su[H]). The two smaller inner cells can be dis-to localize asymmetrically. aurA37 mutants also have de-
tinguished based on expression of Prospero only in thefects in centrosome maturation and fail to recruit the
sheath cell. One of each of these four cell types is foundproteins Cnn and -Tubulin to centrosomes during mito-
in control ES organs (Figure 1C). Most aurA37 mutantsis. However, Numb still localizes asymmetrically in cnn
ES organs, in contrast, consist of four large cells, twomutants that were reported to lack functional mitotic
of which express Su(H), which indicates that the twocentrosomes [20], suggesting that the centrosome mat-
inner cells are transformed into additional outer cellsuration defects are not responsible for the failure to
(Figure 1D). Thus, instead of dividing asymmetrically,localize Numb asymmetrically. Aurora-A is concentrated
aurA37 mutant SOP cells divide symmetrically into twoat centrosomes, but photobleaching experiments reveal
pIIa cells that then each generate one hair and onerapid exchange with a cytoplasmic pool of the protein.
socket. The Numb protein is crucial for asymmetric SOPOur results suggest that two rapidly interchanging pools
cell division, and we therefore tested whether this lin-of Aurora-A kinase are involved in spindle assembly and
eage defect is due to missegregation of Numb by stain-asymmetric protein localization during mitosis.
ing homozygous aurA37 mutant pupae for Numb and
DNA (Figures 1E–1J). While the Numb protein accumu-
lates at the anterior SOP cell cortex during late prophaseResults
in wild-type and segregates into the anterior pIIb cell, no
asymmetric localization of Numb is observed in aurA37Aurora-A Is Required for Asymmetric
mutants. The protein is uniformly distributed around theLocalization of Numb
cell cortex throughout mitosis and segregates into bothThe molecular mechanisms that lead to the asymmetric
daughter cells. Asymmetric localization of Gi to thelocalization of Numb during mitosis are unclear. To iden-
anterior cell cortex (Figure 1K) and localization of Ba-tify mutations that cause defects in Numb localization,
zooka (Figure 1L) to the posterior cell cortex is unaf-we predicted that such mutations would lead to cell fate
fected in aurA37 mutants, indicating that cell polaritytransformations in the SOP lineage and cause morpho-
is set up correctly. Thus, aurora-A is required for thelogical abnormalities in fly bristles. In a genetic screen,
asymmetric localization of Numb during mitosis.we used the eyeless-Flp/FRT system [21] to generate
heterozygous flies that become homozygous by mitotic
recombination in all tissues that are derived from the
Aurora-A Is Required for Centrosome Maturation
eye imaginal disk. These include most of the head cuticle
and Spindle Morphology
[22], and therefore mutant phenotypes can be analyzed
A mitotic function for Drosophila Aurora-A has been
in bristles on the head. Details of this screen will be described before [18]. In strong alleles of aurora-A, cen-
described elsewhere. One of the mutations we identified trosomes fail to separate, leading to the generation of
(called aurA37 below) caused the frequent formation of abnormal monopolar mitotic spindles, defects in chro-
morphologically abnormal bristles that contain two hairs mosome segregation, and the formation of polyploid
and two sockets, indicating that inner cells are trans- cells. aurA37 mutant cells, in contrast, complete mitosis
formed into additional outer cells (Figures 1A and 1B). and divide into two daughter cells (Figure 1J) and can
The mutation was mapped to the cytological interval therefore be used to characterize other aspects of Au-
87A7–9 based on lethality over Df(3R)P-58. Df(3R)P-58 rora-A function. To analyze mitotic spindles in aurA37
includes the Drosophila aurora-A gene, and, indeed, mutants, control and mutant pupae were stained for
aurA37 is lethal over known alleles of aurora-A. Flies DNA and -Tubulin. Bipolar mitotic spindles are formed
homozygous for aurA37, transheterozygous for aurA37 in aurA37 mutants, but while microtubule minus ends
and the strong allele aur87Ac-3 ([18], nomenclature changed converge on the centrosome in wild-type (Figure 2A,
according to flybase), or transheterozygous for aurA37 arrowhead), they are less focused in aurA37 mutants (Fig-
and the deficiency Df(3R)M-Kx1 (which includes aurora- ure 2B). This spindle morphology phenotype could re-
A) die during pupal stages with bristle abnormalities flect a defect in centrosome function, and therefore
similar to the ones observed in aurA37 mutant clones. aurA37 mutants were stained for the centrosomal marker
aurA37 has no dominant phenotype (see the Experimen- -Tubulin (Figures 2C–2F). In control SOP cells, -Tubu-
tal Procedures), indicating that the protein has not ac- lin staining is weak during interphase, but two strong
quired a novel activity. aurA37 mutants carry a single dots appear during mitosis, indicating that -Tubulin is
G-to-A nucleotide exchange that is predicted to ex- recruited to centrosomes (Figure 2C). In 67% of the
change a conserved arginine (amino acid 201) into histi- aurA37 mutant mitotic SOP cells (n  24), no strong dots
dine. The affected residue is located in the catalytic of -Tubulin staining are visible, indicating a failure to
domain and is conserved between all kinases of the recruit the protein to centrosomes (Figure 2D). This de-
Aurora-family but not in all other protein kinases. We con- fect is not completely penetrant, since one dot is ob-
served in 17% of the cells (Figure 2E), and, in anotherclude that aurA37 is a new allele of Drosophila aurora-A.
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Figure 1. Correct Cell Fate Specification and Asymmetric Numb Localization during ES Organ Development Requires Aurora-A
(A and B) (A) Wild-type head and (B) head carrying large aurA37 mutant clones induced by the eyeless-Flp/FRT/cell-lethal system [21]. In wild-
type flies, each head bristle contains one hair (arrowheads) and one socket (open arrowheads), while, in aurA37 mosaic flies, most bristles
contain two hairs and two (often fused) sockets.
(C and D) Cell types in (C) wild-type or (D) aurA37 mutant ES organs. Cut (red) stains all four cell types. Of the two large outer cells, Suppressor
of Hairless (green) stains socket (arrowhead) but not hair cells (open arrowhead), while the two small inner cells are distinguished based on
anti-Prospero staining (blue) in the sheath cell but not the neuron. One cell of each type is found in (C) wild-type organs, while (D) aurA37
mutant organs consist of two sockets and two hairs.
(E–J) Numb (green) localization in (E–G) wild-type and (H–J) aurA37 mutant SOP cells (marked by anti-Asense, red) in (E and H) prophase, (F
and I) metaphase, and (G and J) shortly after mitosis. DNA is blue. In wild-type SOP cells, Numb localizes into a cortical crescent in prophase
and metaphase ([E] and [F], arrowheads) and segregates into one of the two daughter cells ([G], arrowhead). In aurA37 mutant SOP cells, the
protein remains uniformly cortical (H and I) and is found in both daughter cells (J). Images in (H)–(J) were taken at higher gain to visualize the
weaker uniformly cortical anti-Numb staining.
(K and L) Like in wild-type SOP cells [11, 12], Gi ([K], green) forms an anterior crescent, while Bazooka ([L], green) is excluded from the
anterior cortex (marked by arrowhead) in aurA37 mutant SOP cells (identified by Asense staining, red).
17%, two closely spaced dots are seen (Figure 2F). De- Cnn and Microtubules Are Not Required
for Asymmetric Localization of Numbfects in mitotic recruitment of -Tubulin have been de-
scribed before in flies mutant for cnn, a centrosomal Cnn was shown before to be required for localization
of -Tubulin to centrosomes during mitosis. The defectscore component that is dispersed in interphase but lo-
calized to centrosomes during mitosis [23]. aurA37 mu- in -Tubulin localization in aurA37 mutants could there-
fore be an indirect consequence of the failure to recruittant pupae were therefore double stained for Cnn and
-Tubulin (Figures 2G and 2H). In contrast to wild-type, Cnn. To test whether the defects in Numb localization
are also caused by the failure to recruit Cnn, we stainedwhere Cnn is detected in two strong dots at either spin-
dle pole (Figure 2G), the protein is undetectable on cen- cnn null mutant Drosophila pupae for Numb, -Tubulin,
and DNA (Figures 3A and 3B). Even though no Cnntrosomes of most aurA37 mutant SOP cells (Figure 2H).
Thus, Aurora-A is required for recruiting both -Tubulin protein can be detected [23], these flies are viable. Like
in wild-type, Numb localizes into a cortical crescentand Cnn to centrosomes during mitosis, and these de-
fects in centrosome maturation might be the cause of during late prophase in all cnn mutant SOP cells (100%,
n 22, Figure 3B) even though, in 9% of the mitotic SOPthe abnormal spindle morphology. Despite the spindle
defects in aurA37 mutants, however, the two daughter cells (n 22), the Numb crescent was mispositioned and
did not correlate with the orientation of the metaphasecells of SOPs were still preferentially arranged along the
anterior-posterior axis (data not shown), indicating that plate. Since -Tubulin is not recruited to centrosomes
in these mutants (Figure 3B), we conclude that neitherspindle orientation was unaffected.
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Figure 2. Spindle Morphology and Centrosome Maturation Defects in aurA37 Mutants
(A and B) (A) Wild-type and (B) aurA37 mutant cells stained for -Tubulin (green) and DNA (blue). Mitotic spindles are disorganized, and
microtubules are less focused at their minus ends (arrowheads) in aurA37 mutant cells.
(C–F) Localization of -Tubulin (green) in (C) wild-type and (D–F) aurA37 mutant SOP cells (marked by anti-Asense, red, and outlined by a
dotted line; DNA is blue). (C) -Tubulin concentrates on both mitotic centrosomes (arrowheads) in wild-type. In most aurA37 mutant SOP cells,
(D) -Tubulin fails to be recruited to centrosomes, while, in a small fraction of cells, (E) one or (F) two closely spaced dots of -Tubulin staining
(arrowheads) are visible on either the anterior or the posterior centrosome, and (E and F) -Tubulin concentrates at the mitotic spindle.
(G and H) Centrosomin (green) is recruited to mitotic centrosomes (arrowheads) in (G) wild-type, but not in (H) aurA37 mutant SOP cells (marked
by anti-Asense in red and outlined by a dotted line; DNA is blue).
Cnn nor -Tubulin recruitment to mitotic centrosomes Aurora-A Localizes to Centrosomes
and the Mitotic Spindleis required for the asymmetric localization of Numb.
The failure to localize Numb asymmetrically in aurA37 In C. elegans and vertebrates, Aurora-A proteins localize
to centrosomes and the mitotic spindle [16]. The subcel-mutants could still be caused by the spindle defects. In
neuroblasts, Numb localization still occurs after com- lular localization of Aurora-A in Drosophila has not been
described, but if Aurora-A is exclusively localized toplete disruption of the mitotic spindle [24]. To test the
requirement of a mitotic spindle for Numb localization centrosomes, a function in asymmetric protein localiza-
tion at the cell cortex is hard to imagine. We thereforein SOP cells, wild-type pupae were incubated in 20 g/
ml colcemid for 1 or 2 hr and stained for Numb and generated an antibody against Aurora-A and used it
to stain wild-type and aurA37 mutant Drosophila pupae-Tubulin (Figures 3C and 3D). After 1 hr of treatment,
on average, nine SOP cells per pupal notum showed (Figures 4A–4C). Like in other organisms, Aurora-A is
concentrated at centrosomes and the mitotic spindle inthe mitotic arrest phenotype typical of microtubule in-
hibitors: chromosomes were no longer aligned in the prophase (Figure 4A) and metaphase (Figure 4B) of wild-
type Drosophila cells. In contrast, no centrosomal stain-metaphase plate, and centrosomes were distributed at
random positions (Figure 3D). Numb was still asym- ing is detected in aurA37 mutant (Figure 4C) cells. In
addition to the centrosomal staining, we detect signifi-metrically localized in 78% of these colcemid-arrested
SOP cells (Figure 3D). After 2 hr of treatment, the average cant staining in the cytoplasm of both wild-type and
aurA37 mutant cells that can be blocked by preincubationnumber of metaphase-arrested SOP cells per notum
increased to 27, and Numb was asymmetrically localized of the Aurora-A antibody with the immunogenic peptide
(data not shown). To better analyze the dynamics ofin 81% of them, indicating that new Numb crescents
can be formed in the absence of a functional mitotic Aurora-A localization in living cells, we generated trans-
genic flies expressing a GFP-Aurora-A fusion proteinspindle. No effect on centrosome position was observed
in a control experiment in which colcemid was omitted (GFP-AurA). Using the UAS/Gal4 system [25], GFP-AurA
was expressed in pupal SOP cells, and its distributionand Numb crescents were observed in 71% of the mi-
totic SOP cells (Figure 3C). Thus, neither a functional during mitosis was followed using confocal time-lapse
microscopy (Figure 4D). Like the endogenous protein,mitotic spindle nor recruitment of Centrosomin and -
Tubulin to centrosomes are required for asymmetric lo- GFP-AurA was concentrated at centrosomes and the
mitotic spindle during mitosis, but a fraction of the pro-calization of Numb. We conclude that the defects in
Numb localization observed in aurA37 mutants are not tein was detected in the cytoplasm. To determine the
exchange rate between the centrosomal and the cyto-indirect consequences of the spindle or centrosome
defects. Rather, they indicate an independent role for plasmic pool of Aurora-A, photobleaching experiments
were performed (Figure 4E). When one of the two centro-Aurora-A in asymmetric protein localization during mi-
tosis. somes are bleached by intense laser light, centrosomal
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the cytoplasm and at centrosomes and might carry out
these two functions.
Our results are consistent with the functions of Au-
rora-A described in other systems. In C. elegans, inacti-
vation of the Aurora-A homolog air-1 by RNAi leads to
defects in spindle morphology and failure to recruit the
proteins CeGrip, ZYG-9, and -Tubulin to centrosomes
in mitosis [17, 28]. Interestingly, air-1(RNAi) embryos
also have defects in asymmetric distribution of cellular
determinants: P-granules and the cytoplasmic protein
Pie-1, both markers for the C. elegans germline, fail to
segregate into one of the two daughter cells and are
frequently found in both cells instead [17]. Since Aurora-
A is localized to centrosomes, this was thought to indi-
cate a role of microtubules in asymmetric protein segre-
gation [17]. However, the asymmetric localization of
both P-granules [29] and the Pie-1 protein [30] are actin
dependent and microtubule independent. Our results
indicate that centrosomal localization of Aurora-A is
transient and the protein is rapidly exchanging with a
cytoplasmic pool. Assuming that Aurora-A localization
is similarly dynamic in C. elegans, the defects in P-gran-
ule and Pie-1 localization could actually indicate an evo-
lutionarily conserved function of Aurora-A in actin-
dependent asymmetric protein localization during mi-
tosis.
Mutations in Drosophila aurora-A were shown before
to have defects in centrosome separation and chromo-
Figure 3. Centrosomin and Microtubules Are Not Essential for some segregation [18], leading to the formation of poly-
Numb Localization ploid cells. Defects in centrosome separation are seen
(A and B) (A) Wild-type and (B) cnnhk21 mutant SOP cells stained for in a fraction of aurA37 mutant cells (Figure 2F), but mono-
-Tubulin (green in [A] and [B]), Numb (green in [A] and [B]), Asense polar mitotic spindles or polyploid cells are not ob-
(red), and DNA (blue). -Tubulin is not recruited to centrosomes, but served. aurA37 could be a hypomorphic allele that affects
Numb is normally localized in cnnhk21 mutant SOP cells (arrowhead
some Aurora-A-dependent processes more than others.in [B]).
aurA37 affects an arginine in kinase subdomain III that is(C and D) Wild-type pupae were treated for 1 hr with 20 g/ml
colcemid ([D], control in [C]) and were stained for Numb (green), found in all Aurora- and MAP-kinases but is not generally
-Tubulin (red), and DNA (blue). Centrosomes are mislocalized, but conserved between all protein kinases. In MAP kinases,
Numb is still asymmetrically localized (arrowhead) after the the equivalent residue is predicted to make contact with
treatment. threonine 183, a residue in the activation loop that needs
to be phosphorylated to activate the kinase [31]. Phos-
phorylation of the residue equivalent to threonine 183
staining is completely recovered within 10 s. No recovery can also activate Aurora-A kinase [32], and aurA37 could
was observed, however, when both the cytoplasm and prevent the conformational change needed for full acti-
the centrosomes were bleached using the same bleach- vation of the kinase.
ing protocol (data not shown). Thus, centrosomal local- How could Aurora-A function in asymmetric cell divi-
ization of Aurora-A is transient, and the centrosomal sion? Aurora-A is not required for setting up polarity
pool rapidly interchanges with Aurora-A in the cyto- during interphase since both Gi and Bazooka are asym-
plasm. metrically localized in aurA37 mutants. Instead, it is
needed for interpreting this polarity to initiate the asym-
Discussion metric localization of Numb at the onset of mitosis. In
vertebrates, Aurora-A activity peaks at the G2/M transi-
In Drosophila SOP cells, the Numb protein is uniformly tion [33], and phosphorylation of either Numb itself or
cortical in interphase but localizes asymmetrically into a component of the Numb localization machinery could
a tight cortical crescent in metaphase. We show here be required for Numb localization. So far, Lgl (Lethal [2]
that the mitotic kinase Aurora-A is required for the asym- giant larvae) is the only other protein required for Numb
metric localization of Numb. Aurora-A is also involved localization but not polarity establishment [34, 35]. Since
in centrosome maturation and spindle assembly. How- we fail to detect phosphorylation of Numb or Lgl by
ever, neither functional centrosomes nor the mitotic Aurora-A in vitro (D.B., unpublished data), another, yet
spindle are required for Numb localization. Numb local- to be identified, component of the Numb localization
ization is an actin/myosin-dependent process [26, 27], machinery seems to be phosphorylated by Aurora-A at
suggesting that Aurora-A regulates both actin- and mi- the onset of mitosis.
crotubule-dependent processes during mitosis. Two Numb localization also requires activation of the Cdc2
kinase [15, 24], and, in hypomorphic cdc2 mutants, cellsrapidly interchanging pools of Aurora-A are found in
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Figure 4. Subcellular Localization of the Aurora-A Protein
(A–C) Anti-Aurora-A staining of wild-type SOP cells in (A) prophase and (B) metaphase and staining of (C) aurA37 mutant metaphase SOP cells.
Aurora-A localizes to centrosomes (indicated by arrowheads) in wild-type, but not in aurA37 mutant cells.
(D) Stills from a confocal time-lapse video of a GFP-Aurora-A fusion protein (GFP-AurA) specifically expressed in SOP cells. The time from
the start of the movie is indicated in seconds. GFP-AurA is concentrated at centrosomes throughout mitosis and at the mitotic spindle from
metaphase to anaphase. Note that a large fraction of GFP-AurA is actually cytoplasmic. The complete movie is included in the Supplementary
Material available with this article online.
(E) Photobleaching experiment. One of the two centrosomes was photobleached using a short pulse of high-intensity laser light. The GFP-
AurA signal is strongly reduced after the bleach (arrowhead) but completely recovers within 10 s.
enter mitosis but have defects in asymmetric protein to reenter the cell cycle or cause defects in chromosome
segregation and aneuploidy. Assuming that Aurora-A islocalization [15], a phenotype that is remarkably similar
to aurA37. How the two kinases act together is unclear. also involved in asymmetric cell division in vertebrates,
cell lineage defects are an interesting alternative possi-In vertebrates, Aurora-A activity peaks before activation
of Cdc2 [33], suggesting that Cdc2 is not required for bility.
Aurora-A activation. Conversely, Cdc2 activation is Au-
rora-A independent, since many Cdc2-dependent Experimental Procedures
events do not require Aurora-A. Thus, it is likely that
activation of the Numb localization machinery requires Identification of aurA37
aurA37 was identified in a genetic screen for mutations that causeboth Cdc2 and Aurora-A-dependent phosphorylation
cell fate transformations in bristles. For this, random mutations wereevents.
generated on an isogenized FRT [82B] chromosome by EMS treat-The human homolog of Aurora-A, Aurora2, is amplified
ment and were analyzed in large mitotic clones induced by eyeless-
in colorectal cancer [33], suggesting that it is involved in Flp over a cell-lethal chromosome [21]. These clones extend over
carcinogenesis. How Aurora2 causes cancer is unclear. the whole eye imaginal disc, which gives rise to the head cuticle,
and phenotypes were analyzed in ES organs on the head. AmongOverexpression of Aurora-A could force quiescent cells
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